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# Performance of the Tevatron/CDF.
# W & Z Cross Section Measurements.
# Drell-Yan Physics.

# Taus.

# "R" and the Width of the W,

# Di—boson Production.
e MW and FW Combined Results.

#* Conclusions.

CDF Run 2 Detector :

- Largely new detector.

-=New trigger system : displaced tracks, taus, etc.

- Data handling : = 0.5 PetaBytes/year processed
and analysed.

improved muon
coverage

e e

new plug
calorimeters | |new central || 8-layer, 750k channel
tracker Si Vertex Detector
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7 Accelerator performance in 2004 is excellent.
"Design goals" surpassed.

#Peak luminosity 6.1x10%cm™s™ (5" Feb ’04)
7#CDF takes data with efficiency > 85%.

#Beam conditions good : silicon is typically
integrated for the entire store.

CDF now collects C1pb~/day :

Process Events/Week
tt 50
Woev, 18,000
Pyt 1700
WW 90
Wy—evy (high-pry) 130
gg—H (My=115GeV) 6
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control of backgrounds CDF Run Il Preliminary, 72pb
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( ) STAT SYST LUM p

o x BR(W - pv)

264+002_, +012__+016  pb

Backgrounds (QCD, W - 1v, Z, cosmics) : 6% (€), 11% ().
Important systematics : PDF's, Energy Scales, Material Description
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CDF Run Il Preliminary, 72pb .

N§2505— "%: 220 Entries 1631 |
G, b 2 200
?’200_— 2 DZ—>uu MC
S I 1. ) ) 180;
@ Opposite Sign (1830) £
: i - Z— ee DATA i
i n Z—>ee MC
100 + 120
: 100}
50:_ { CDF Run Il Preliminary -
i -1
' W/ '[ L dt = 72.0 pb e
qIO 60 80 100 120 2140 160 180 200 401
M_. (GeVic®)
20
: P A~ S S |
Very low backgrounds (QCD, Z - tt, cosmics) : < 1% il N B 68 i RS Tt T
|mportant systematics : PDF’s, Material Descriptions &
0 xBR(Z- ee) = 267.0 6.3STAT + 15.23\(8T + 16.0LUM pb Extended measurements

0xBR(Z- py) = 2466, +12 _+15 pb

~ TSTAT T SYST

»

of a(W) & o(Z) are
well advanced
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A Drell-Yan Measurements -
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7 Production properties : eventualy feed
Into precision measurements (M, )

#|n°|<3.0 : using full detector coverage
# extract quark, lepton couplings & s n28W
7 sensitive to new physics




Searchesin Dilepton Events

UCL
210 |
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Triggers :
(1) T—hadrons + missing-E_ (2) di-1 (3) lepton + track

Reconstruction :

# Count tracks in t—cone (10°) and require no tracks in isolation cone (30°)
#* Reconstruct T° candidates in shower max detector

# Require combined mass to be < 1.8 GeV

=
CDF Run Il Preliminary, [L = 72 pb

J
St T had rons 1400 W = 1v : number of tracks, associated with the 1 candidate
- |r]|<1 O i 2345 events
' ‘ [ .
= E >25 GeV - N
.. _ N -eo—Data
# missing—E_>25 GeV 1000~ —W Ty
L SIW S pv
800_ W -ev
— B AL =TT
+ + i
+007_, +021 | <@ eoof
+ R
+0.16 ,, pPb 200 #
Backgrounds : ~ 25% : 200(~
Systematics : T ID, bkgnd, PDF’s & e-scales oL — S R S
0 1 2 3 4 5 6 7.8 .9 .10

number of tracks
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W WV
g. /g,
Comparison with electron channel
(taking care to cancel as many KR 188 N L0 £ Bt
systematics as possible) provides a AT . 1 Bis 5
test of lepton universality ' S
CDF 1992 - 0.97+ 0.07
First ook at Z -t ’ DO 1999 .t 0.98 + 0.031
CDF Run 2 Preliminary (72 pb'1) LEP 2001 : —— 1.026+ 0.014
18- —- data PDG 2002 (Wo LEP)  —e— 0.988+ 0.025
16k O - Z=TuTh :
12 B-QCD T CDFII Preliminary 2003 —0-1— 0.99+ 0.04
12F Z
10F 1= 0.7 1 1.3
8F l L -
6F g I #*These measurements are providing a
4k benchmark for analysis of events containing T
2F leptons.
ot - #Very exciting to apply techniques to exotics

0 20 40 60 80 100 120 140
M(u+t+F1)

searches, especially Higgs and SUSY.
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Cross—Section Ratio
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o, XBR(Z-I1"1") taken into account
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UCL
2006
o, X BR(W=1v) ; ‘
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CDF Run 2 Preliminary 128/pb
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# First select W - lv events :
- Electrons : E_>25 GeV; missing-E_>25 GeV

- Muons : E_>20 GeV; missing—E_>20 GeV

# Then look for additional photons :
- E_(photon) > 7 GeV

= ('0< 1.1
= AR(ly) > 0.7

o(Wy) x BR(W - Iv) = 17.2
£22_ +20

T SYST

+11 ,, pb

# For E_(photon) > 7 GeV and AR(l,y) > 0.7 :
o(Wy) x BR(W - Iv) (Theory) =18.6 £ 1.3 pb

CDF Run 2 Preliminary 128/pb
IIIIIIIII|IIII|IIII|IIII|IIII|IIII

CDF Run 2 Preliminary 128/pb
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o(Zy) X BR(Z -~ 11") = 5.8
+0.8

+0.3

STAT

+04 ,, pb

SYST

# For E_(photon) > 7 GeV and AR(l,y) > 0.7 :
o(Zy) x BR(Z-1'I") (Theory) =5.3 £ 0.4 pb

CDF Run 2 Prellmlnary 128/pb
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# Now V+y cross—sections well established, we are :
- extending acceptance
- optimising sensitivity to anomalous couplings
and new physics

- testing the Standard Model in ways unique to
the Tevatron (e.g. observing the radiation

amplitude zero in W+y production).

CDF Run 2 Preliminary 128/pb
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o (WW) =5.17>¢ (stat) = 1.3 (syst) = 0.3 (lum) pb

o (WW)(theory) = 13.25 + 0.25 pb

UCL WW 15/19
q—>— NN
Y I "
(_:I—<—JVWW N ET
CDF Run Il Preliminary - Ad vs E,
# Two isolated E_>20 GeV leptons (e or L) . 3.5
o T C MC WW
# Missing—E_> 25 GeV. 3;_ T —
7 Remove events consistent with Z decay. - = Data pp
# Remove top background by requiring no 5 51 * Dataep
additional jets. . o 5 [ - L = 126 pb”
7 Remove fakes by requiring opposite sign. o 2:
3 [ ;
N (background) 2.3440.38 > .
o
N (WW signal) 6.89+1.53 %
LA * *
N (data) 5 =

Nje,s_o Opposite Sign

]IIIIlIIIlIIIlII

60 80 100 120
E; (GeV)

140
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= @l channel haslittle Standard Model background
= Signal/Background = 4

Run 155364 Event 3494901 : WW — 6+Vg,u_17p Candidate
prie) = 42.0 GeV/c; pr{p) = 20.0 GeV/c; M,, =815 GeV

Br =648 GeV; &(Fr) = 1.6

A®(Fr ,lepton) = 1.3; A®(e,u) = 2.4; Opening-Angle(e, 4)=2.6
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DO

CDF

Standard Model —
Prediction

Ty = 2.231£0.173

el T, =2.050+0.130

Hadron ColliderAvg g T, =2.115+0.105

preliminary LEP2Avg | o T, =2.150+£0.091
preliminary World Avg | o = T, =2.135+0.069

1.6
q-)

1.8 2 2.2 24 2.6

Iy, (GeV)

DO+ CDF " Indirect" Average:

rredaon — 2141 + 0.057 GeV

w

Y

D0 + CDF Combined Average:

[reaon — 9135 + 0.050 GeV

w

Run | : Combined W Mass & Width —_

W-Boson Mass [GeV]

pp-colliders —+e— 80.454 +0.059
Average - 80.426 + 0.034
x*/DoF: 0.3/ 1
NuTeV —A— 80.136 + 0.084
LEP1/SLD —A— 80.373 £ 0.033
LEP1/SLD/m, -A- 80.378 £ 0.023
| g2 804 806
my, [GeV]

Combined Fit Very Consistent :

m,;"*”" = 80.452 + 0.059 GeV

[reaon — 2102 + 0.106 GeV

w
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CDF alone with 2 b
% AM = 40 MeV

% AM, =3 GeV

= Similar to all current
direct measurement data
combined.

# With a Higgs discovery at
Tevatron or LHC, these
measurements will provide a
powerful consistency test of
the Standard Model.

# Could provide first evidence
of what lies beyond the SM.

# Will be improved at LHC, but
not quickly or easily.
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80.70

experimental errors 68% CL.:

LEP2/Tevatron (today)

—— CDF 2 fb-1 et

80.50

80.40 |-

80.30 Loes T LA LAEAEALA LB
et s

80.20 =

After Heinemeyer, Weiglein '03
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el | el [ el el
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* CDF Prelimlnary Run i

. Theory

—,— Wy—> Ivv

—‘— Zy— I*]y

WWo vl .

# Tevatron and CDF are running very well.
# We have measured the cross sections for many

electroweak processes in Run |1, some with high
precision.

# These measurements have set the standard for

various techniques that will be applied across
CDF, especially in the search for physics
beyond the Standard Model :

- |epton ID (especially taus)
- understanding of detector
- understanding of backgrounds

# Many electroweak measurements (esp. di—boson

production) will soon become precise
measurements, and are being optimised for :

- anomalous coupling extraction
- sensitivity to new physics contributions

# Work is well under way on Run I

measurements of M, ', asymmetries,
couplings, ...




